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By Lee E. Boddy and Fred B. Suttan 

Wind-tunnel tests up t o  8 Mach n-er of 0.85 were made to 
determine the  effects of w i n g i t i s  gun turrets on the aerodynamic 
characteristics of a typical bombeming model. 

Lift,  drag, and p i t c w m n t  data axe presented  for  the 
w i n g  alone; for  the wing  with the turrets in the  clean  condition; 
and f o r  the w i n g  and the turrets with guns and sighting equipment. 
Also presented are data which show the  effects of refair- the 
turret  nose. 

The turrets had negligible  effect upon the lift and pitching- 
noment characteristics of the wing. The addition of the turret8 
increased the drag coefficient of the wing by approximately 0.005 
up to a Mach  n-r of 0.70, and decreased the drsgilivergence Mach 
nWer of the w i n g  by approximately 0.05. 

One of the problems encountered in the design of long-range 
bonibardment airplanes  intended t o  operate beyond the range of 
fighter  escort is providing  adequate ghlplamsnt for defense against 
interceptor  attack. The conibination of radar gun-sighting e q u i p  
nment and powemprated gun-turrets allows utilization of a smll 
rider of guns t o  greatest &dvmtage. The w w i p  location of 
the gun turrets offers a field of f i r e  w i t h  comparative freedom 
from bl'asketed areas. Properly designed t i p  turrets should produce 
end-plate effects resulting in a reduction of induced drag for  the 
w i n g - t u r r e t  conibinatian. (See reference 1.) 

The purpose of the  tests  reported  herein was t o  determine the 



effect of typical w-ip gun turrets, fncluding  various  mdif'ica- 
tions, on the aerodynamic characteristics of a typical bonder ving. 
The t e s t s  were conducted in the  mas l6-foot h i m p e e d  w i n d  tunnel 
a t  the request of the U.S. Air Force. 
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s wing area, square feet  

V fre-tremn velocity,  feet per second 

a angle of attack, degrees 

P mss density of air, slugs per cubic foot 

The 1o-rfoot-span w i n g  d e l  used in these tes t s  had a taper 
ra t io  of 0.4, tm aspect ra t io  of 9, and the XACA 63+10 section. 
A &inch portion of each w h g  t i p  was detachable to permit the 
nmounting of the model gun turrets without fncreasing the l M o o t  
span. A drawing of the wing and turrets is ehawn in figure 1, 
and the model is shown mounted in the tunnel in figure 2. 

The turret  contour was based on the EIACA fuselage form 332 
modified t o  accorrmEodate gun turrets and sighting equipmsnt. A 
rearward-firlng turret was mounted on the left  wing t ip  (fig. 3(a)) 
am3 a forward-rfSfring turret  ( f ig .  3(b) ) was mounted on the right 
t i p .  One end of each turret  w a s  made spherical t o  simulate a 
ball-ty-pe gun turret. lhboard of each spherical end was a blunt 
face t o  house sighting equipment. The umdi f i ed  turrets were 
tested in the  clean  condition w i t h  a l l  protuberances removed 
except the sighting equipmsnt on the  blunt inboard faces. 
Modifications shown in  figure 3( c)  , were made to the forward- 
ffring turret ,  w h i c h  included refairing  the  blunt sighting face, 
and removing forwarcI4iring guns t o  allow covering the b a l l  turret  
w i t h  a nose cap which  conformed to   the no88 profile of the NACA 
fuselage f o m  332. Turret  dimnsions and the  alternate  positions 
of the guns are shown in figure 4. 

Longitudinal  OWE of pressure orifices were installed along 
the top and bottom of the forwartidiring turret (fig. 4). 

Force tes t s  were made of the w i n g  alone and the wing with 



various  turret  modifications.  The  tests  covered a Mach  number  range 
from 0.30 to 0.85 (equivalent  to a Reynolds number  range from 
2.5 X lo6 to 4.5 X .los based on the mean aerodpmic chord) and an 
ang1Mf"attack range  which.varied  because of the  limited  structural 
strength of the model wing. Pressure  distributions  Over  the  turrets 
at  angles of attack of -2O asd Oo were  measured.  For  structural 
reasone,  these  were  the only angles  of  attack  at  which  tests  could 
be msde at 0.85 Mach  number. 

Wind"tunnel-wall  corrections, as computed  by  the  method  of 
reference 2, were  applied  to  the  measured  angles of attack and drag 
coefficients. All data  were  corrected  for  constriction and blockage 
effects  which  were  calculated by the  method  of  reference 3. No tare 
corrections  were  applied  to  the data as they  are  very small for the 
sting-type model support  used  in  theee  tests. 

RESULTS AND DISCUSSICIX 

The basic  aerodynamic  characteristics- of the wing and of the 
w i n g  with  the various turret  modifications  are  presented In 
figure 5. Figures 6 and 7 show  the  varistfon of drag coefficient 
and static  Longitudinal  etability,  respectively,  with  Mach  number. 
Pressure  distributions Over the upper and lower surfaces of the 
forward-firing  turret  are shown in figures 8 and 9. 

It ie  apparent in f'igure 5(a) that  the  turrets  caused no 
measurable  en&pbte  effects &a evidenced by the negligible changes 
in Uftccurve slope. 

Drag  polar8  for a l l  the  configuration8  tested are shown in 
figure  5(b).  Because of the small force8 involved, some of the drag 
data at 0.30 Mach  number &re somewhat  erratic.  Caneequently,  the 
fairing of these data was based on crosa plots of drag coefficient 
as a function of Mach number. 

Figure 6 shows the  effect  of the turrets and principal  turret 
modifications on the drag of  the w i q  ut zero lift. Data s h m  
therein and in figure 7 were  obtained at Mach  nunibem of 0.30, 0.50, 
0.60, 0.70, 0.75, 0.80, 0.825, and 0.85. Vp to a Mach number of 
0.70 the  addition of the  turrets  to  the wing increased  the drag 
coefficient by approximately 0.005. Modifying the  fornarb-firing 
turret by reyising the  nose contour and removing the noae guns to 
facilitate  additfon of the  noBe  cap  reduced  the LaFspeed drag 
coefficient of the  -turret  combination.  Since prelimfmry  tests 
indicated  that  the  nose guns did not  appreciably  change the drag 
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coefficient a t  Law 1- coefficients, it is believed that thfs reduct 
tion of drag was 'due l a r g e l y  t o  the revised nose contour of the 
turret. For the  basic wing the B c h  nuaiber for drag divergence 
(defined as the Mach amber above which the drag coefficient 
abruptly changes from i t s  low-peed value) was approximately 0.74; 
when the turrets were installed it decreased to about 0.69. 
Modifications to the nose of the forward-f'iring turret changed the 
&ch number f o r  drag divergence  very l i t t l e .  

In figure 5(c)  are presented the p l t c w m e n t  dab. The 
effect of the turrets on the pitch-mnt coefficients was smll. 
Changes in static  longitudinal  stability w i t h  Mach  number are shown 
for zero lift in figure 7 f o r  several of the modifications tested. 
*e addition of the turrets to the wing was slightly destabil izhg 
below 0.75 Bhch rider and slightly s t a b i l i z i n g  between 0.75 asd 
0.83 Wch nuniber. 

No masurable effects on the aerodpamic  characteristfcs of the 
w i n g - r t u r r e t  codination  resulted f r o m  mving the guns to the  alter- 
nate posit ions shown in figure 4. 

Figures 8 ecnd 9 show the pressure distribution over the 
forward-firing turret. lh general, both the nose cap and the 
revised nose contour gave smaller  negative peak pressures over the 
nose of the  turret  and consequently  Increased the c r i t i ca l  Mach 
rider of the turret. A t  an angle of attack of Oo, the mmdified 
turret had a c r i t i ca l  Mach  nuniber of approx-tely 0.78. There was 
only a s m a l l  change in this value wTth the addition of the nose cap, 
but by ref'airlng the inboard no6e surface the c r i t i ca l  Mach n-r 
vas  increased to approxfmately 0.81. 

Results of t e s t s  of a model of a typical boder wing with wing- 
t i p  gun turrets indicated that the  turrets had only a negligible 
effect upon the lift and pitching-moment characteristics of the wing.  
The turrets increased the drag coefficient by approxfmately 0.005 up 
to a Wch nuniber of 0.70 cfnd decreased the drag-divergence Plach n-r 
of the w h g  by approximately 0.05. Revising the nose contour of the 
f orwardelr ing turret reduced the low-peed drag coefficient,  but the 
drag-divergence Mach number changed very l i t t l e .  

Arnas Aeronautical  Laboratory, 
Xational Advisory Committee for Aeronautics, 

Moffett Field, Calif. 
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(a) Remazd-firing turret installation. 

(b) Forward-f iring turret  installation, unmodiffed nose. 

( c) Forwexd-f €ring turret installation, modified nose. 

Figure 3.- WFn@;"tip gun turrets mounted on a typical bomber-wing model. 
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Ia.) Upper surface. 
figure 8.- Pressure disfribufion along fbe surface of a wing-fip gun 

furref. a, -P. 
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(a) Upper surface. 
Figure 9.- Pressure distribution dong fhe surface of a mhg-tip gun turret 
a# 04 
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